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Abstract: Six types of runoff plots were set up and an experimental study was carried out to 
examine natural rate of soil and water loss in the granite gneiss region of northern Jiangsu Province 
in China. Through correlation analysis of runoff and soil loss during 364 rainfall events, a simplified 
and convenient mathematical formula suitable for calculating the rainfall erosivity factor (R) for the 
local region was established. Other factors of the universal soil loss equation (USLE model) were 
also determined. Relative error analysis of the soil loss of various plots calculated by the USLE 
model on the basis of the observed values showed that the relative error ranged from 3.5% to 9.9% 
and the confidence level was more than 90%. In addition, the relative error was 5.64% for the 
terraced field and 12.36% for the sloping field in the practical application. Thus, the confidence 
level was above 87.64%. These results provide a scientific basis for forecasting and monitoring soil 
and water loss, for comprehensive management of small watersheds, and for soil and water 
conservation planning in the region. 
Key words: granite gneiss region; soil erosion; universal soil loss equation; factor value; 
applicability evaluation 
1 Introduction 
Soil and water loss due to soil erosion has become one of the most serious environmental 
problems for the world. Quantitative analysis of soil erosion has been studied around the 
world (Ma 1989; Loureiro and Coutinho 2001; Fistikoglu and Harmancioglu 2002; Zhang et al. 
1992). The USLE model, proposed by the soil and water conservation experts Wischmeier et al. 
(Wischmeier and Smith 1978) of the United States in the 1960s, is widely applied to soil 
erosion caculation. It is an empirical model and was derived through statistical analysis of the 
observed data from a large number of test plots. The boundary values of the various factors of 
the equation were defined and, after the equation was published, it was successfully applied in 
several regions, including Asia, Africa, Europe and America. During its application, it was 
gradually found that the factor values calculated in the United States were not suitable for 
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different regions due to different local conditions. The factor values vary with the weather, soil 
and land use. Therefore, researchers in the field of soil and water conservation have carried out 
extensive study on determination of USLE factor values (Gao and Zhao 2002; Hu et al. 2006; 
Huang et al. 1992; Jia et al. 1987; Liu et al. 1992; Ma et al. 2007). Zhang et al. (1992) 
established the soil loss equation for Heilongjiang Province in China and determined the 
calculation methods for various factors in the equation through statistical analysis on the basis 
of a large amount of tests. Huang and Lu (1993) systematically summarized applications of the 
USLE in China. Cai et al. (2000) determined the quantitative calculation methods for various 
factor values of the USLE and predicted the soil erosion amount for a small watershed by 
applying the results observed from the runoff plots. 
In order to explore the pattern and amount of soil and water loss in the granite gneiss 
region of northern Jiangsu Province in China, six test plots were established according to the 
local weather, soil and land use characteristics. On the basis of the USLE model, test studies 
on soil erosion were carried out. With comprehensive analysis of the gauged rainfall, runoff 
and soil erosion over nine years from 1989 to 1997, suitable factor values were extracted for 
this area. The amount of soil erosion was simulated using the USLE model. The outcome of 
the model was validated through relative error analysis. The relative error of the modeled 
values in comparison to the gauged values in both the test plots and real application fields was 
less than 13%. This indicates that the USLE model works well in the granite gneiss region of 
northern Jiangsu Province. 
The optimal combination for calculating R in the granite gneiss region of northern 
Jiangsu Province was determined through statistical analysis of the observed data of the plots 
described in this paper. The method of selecting the values of the other four factors of the 
model was studied systematically. The soil loss amount was calculated using methods 
addressed in this paper and can be used as scientific evidence for monitoring and predicting 
local soil and water loss. 
2 Test plot design and test method 
The six test plots are located at the Soil Conservation Experimental Station of Jiagu 
Mountain, in Ganyu County in northern Jiangsu Province. This area is the southern extension 
of the Yimeng Mountains of Shandong Province. There are large amounts of granite gneiss 
scattered around the region. This type of rock is extremely prone to weathering. Thus, the soil 
is loose and structureless, and has thicker granules and low organic matter content, which 
readily leads to water and soil loss. The area is in the transitional climate region between the 
humid continental and the oceanic climate of the northern sub-tropical belt. It receives ample 
precipitation with an annual average value of 875.4 mm, unevenly distributed. About 72.9% of 
the annual total precipitation occurs from June to September, mostly during strong rainstorms. 
There is a lack of precipitation in the spring, fall and winter.  
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2.1 Design of test plots 
The six plots are distributed in parallel on the same ramp surface. The ramp has a slope of 
8° and is directed towards the northeast. In order to prevent unwanted water from coming in 
from outside of the plots, a protection wall is set up around each plot. There is also a runoff 
collection gutter and a sedimentation tank at the bottom of each plot. The gutter and tank are 
interconnected. There are two triangular weirs with top angles of 15° at the outlet of the gutter 
and the inlet of the tank, respectively, whose purpose is to divert runoff overflows. At the end 
of the runoff collection gutter and tank, there is a drain pipe to drain water after rainfall events. 
The test plots have regular slopes and characteristics of the local terrain. Their slopes have 
gradients of 8q, widths of 5 m, lengths of 20 m, and areas of 100 m2. The soil and water 
conservation measures for the test plots are given in Table 1. 
Table 1 Soil and water conservation measures for test plots 
Soil and water conservation measures 
Plot type 
Cultivation strategy Vegetation type Vegetation coverage (%) 
Arbor Original slope Torch tree and Chinese catalpa rotation 80 
Economic forest Non-ridge terrace Hawthorn, peanut and sweet potato 85 
Herbage Original slope Thrush grass 100 
Along slope Original slope Peanut and sweet potato rotation 80 
Standard slope Original slope ʊ  0 
Terrace Stone-ridge terrace Peanut and sweet potato rotation 90 
2.2 Test method 
In the experiment, self-recording ombrometers were adopted to measure the cumulative 
volume and the intensity of precipitation. The volume method was applied to measure the total 
amount of runoff from every rainfall event. Water samples were collected from the runoff. The 
samples were filtered and dried to obtain the amount of sand loss. The growth of the 
vegetation and the extent of the coverage of each plot were observed once every few days at 
the same time. The chemo-physical characteristics of the soil were analyzed. On the basis of 
the test, the factor values of the USLE model were determined. 
3 Analysis and research of factors of USLE model 
The key part of the USLE model is the universal soil loss equation: 
=A R K LS C P                                (1)            
where A is the annual soil loss amount, K is the soil erodibility factor, LS is the slope 
length-gradient factor, C is the vegetation coverage factor, and P is the soil and water 
conservation measure factor.  
Since the model was first introduced in the country in early 1970s, a lot of Chinese water 
and soil conservation experts have focused on how to determine the quantitative bounds of 
these indices in different areas in China. This has constituted a beginning of quantitative 
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analysis of soil erosion. 
3.1 Determination of R
The factor R quantifies the capacity of a rainfall event to cause soil erosion. It is the key 
factor in Eq. (1). The calculation of R is based on comprehensive consideration of rainfall 
kinetic energy (E) and rainfall intensity (I). It depends on the amount of rain and process of 
each rainfall event. At present, the optimal combination is adopted all over the world for the 
calculation of R. The correlation coefficients between the characteristics of different rainfall 
events and the amount of soil erosion are analyzed and the relationship with the largest 
coefficient is used to determine R. The basic structure of the method for the calculation of R is 
the product of E and I.  
3.1.1 Calculation formula of E
E is the kinetic energy of all individual rain drops falling on the ground within unit area 
during an entire rainfall event. It is closely related to I. The relationship can be expressed as an 
exponential function (Rosewell 1986), a power function (Smith and De Veaux 1992), or a 
logarithmic function (Wischmeier and Smith 1978). It is an important physical parameter for 
the study of soil erosion mechanisms and for quantificational models of soil erosion, and it is 
widely used in the calculation of rainfall splash erosion and in evaluation of soil erosion force. 
According to the rainfall characteristics of the study area, E can be calculated using the 
formula given by Wischmeier and Smith (1978): 
                              (2) 210.2 89logtE  
where  is the rainfall kinetic energy (J/mtE
2) generated in a certain time interval (t) of a 
rainfall event, and tI  is the rainfall intensity (cm/h) of a certain time interval (t).   
3.1.2 Determination of optimal combination for calculating R
The R values vary with characteristics of rainfall events and geography. The optimal R 
value is 10R E Ic  for the northwest loess region (Jia et al. 1987), 60R E Ic  for the southern 
region of Fujian Province (Huang and Lu 1993), and 60 30 = R E I  for the northeast black soil 
region (Zhang et al. 1992), where Ec  is the total rainfall kinetic energy of one erosive rainfall 
event,  is the 60-minute rainfall kinetic energy of one erosive rainfall event, and60E 10I , 30I , 
and 60I are the largest 10-, 30- and 60-minute rainfall intensity values of the rainfall event. 
The determination of R for the granite gneiss region was based on the observed data from the 
test plots over the nine years. The 64 rainfall-runoff data were used as samples to calculate R 
for each event. The values of 10I , 30I , and 60I of the three different time intervals were gauged 
and the corresponding values of , , and  were calculated with Eq. (2).  10E 30E 60E
The correlation between ,  ,  ,  and t t t t tI E E I E Ic , and the observed soil erosion were 
analyzed using both the linear and curve correlation functions. The correlation coefficients 
are shown in Table 2. 
Correlation coefficients obtained with the curve correlation functions are higher than 
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those obtained with the linear correlation functions. The largest correlation coefficient, 0.809, 
corresponds to the 30E Ic  combination. Its correlation coefficient is very salient. In this situation, 
the correlation degree between the single factor I and the soil erosion amount should also be 
considered when the optimal combination is adopted to calculate R. The correlation coefficient 
corresponding to 30I  with the curve correlation function is the largest (0.619) of those 
corresponding to the three selected rainfall intensity values of 10I , 30I , and 60I , and indicates 
significant correlation. Therefore, the equation of optimal combination for the calculation of R 
in an individual rainfall event ( IR ) in this region is 
I = 30R E Ic                                 (3) 
This is consistent with the calculation combination of R in the USLE model.  
Table 2 Correlation coefficients between ,  ,  ,  and t t t t tI E E I E Ic ,  and soil loss amount 
Correlation coefficient 
Correlation function 
10E Ic  30E Ic  60E Ic  10 10E I 10 30E I 10 60E I 30 10E I 30 30E I  30 60E I  
Linear 0.541 0.700 0.677 0.405 0.448 0.487 0.450 0.460 0.500 
Curve 0.693 0.809 0.675 0.490 0.554 0.575 0.604 0.671 0.628 
Correlation coefficient 
Correlation function 
60 10E I 60 30E I 60 60E I  10E  30E  60E  10I  30I  60I  
Linear 0.445 0.468 0.505 0.442 0.529 0.546 0.440 0.537 0.555 
Curve 0.507 0.517 0.525 0.485 0.591 0.585 0.483 0.619 0.548 
3.1.3 Simplified algorithm for determining R
The recorded data of a rainfall process is required for the calculation of . It is very 
complicated and time-consuming to extract the rainfall intensity. Furthermore, it is impossible 
if there is no self-recording ombrometer. Therefore, it is necessary to adopt a simplified 
algorithm for statistical regression and analysis to calculate the R value. In the statistical 
regression method, the independent variable h (cm/h) is the individual erosive rainfall amount 
and the R value corresponding to 
30E Ic
30E Ic  is the dependent variable. The exponential function 
can be applied to simulate their relationship and the suitable regression equation is as follows, 
according to this study: 
 
 
1.421 6
I 0.202 7R h                             (4) 
The correlation coefficient is 0.962, and it reaches a high significance level. Statistically, 
this means that the equation can be used as a simplified method for calculation of R for the 
granite gneiss region. The total R value can be calculated as follows: 
                                      
 
 
n
1.421 6
1
 = 0.202 7 i
i
R
 
¦h                            (5) 
where n is the annual total number of erosive rainfall events, and is the erosive rainfall 
amount in the ith rainfall event. To further evaluate the feasibility of Eq. (5), the calculated R 
values were verified using the observed R values of the nine years (Table 3).  
ih
The relative errors are less than 18% for the six years in which there was no water sliding 
phenomenon, as shown in Table 3. There is almost no relative error for the years 1992 and 
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1997. It is therefore further confirmed that Eq. (5) can be used as a simplified method for 
calculation of R for the granite gneiss region of northern Jiangsu Province. A graph of the 
relationship between H (the annual total amount of erosive rainfall) and R is drawn in Fig. 1. It 
can be seen in the figure that there is a significant correlation between H and R. 
Table 3 Comparison of observed and calculated R values  
R (J·cm/(m2·h)) 
Year Precipitation (mm) 
Calculated value Observed value 
Relative error (%) 
1989 199.0 166.8  113.3* 47.2 
1990 702.7 886.1 948.0 6.5 
1991 164.1 169.2  130.5* 29.6 
1992 325.1 294.1 291.5  0.8 
1993 662.3 476.7  368.5* 23.4 
1994 481.8 418.7 498.9 16.1 
1995 558.7 557.3 637.3 12.5 
1996 441.5 528.7 451.5 17.1 
1997 441.2 622.6 622.2  0.1 
Note: * indicates that some water slid out of the self-recording ombrometer during measurement. 
Fig. 1 Relationship between H and R    
3.2 Determination of K
K is an important factor indicating the soil’s anti-erosion capability and the sensitivity of 
the soil to erosion and displacement caused by the external erosion force. It reflects the 
influence of soil properties on variation in soil erosion amount, assuming constant external 
conditions. There are three commonly used methods for determining the K value. They are the 
actual measurement method, the Nomograph (Connaught-map) method, and the empirical 
equation method. These methods are briefly described below. 
(1) Actual measurement method: The K value in the USLE is determined by experiment. 
It is equal to the soil loss rate in a standard runoff plot under unit rainfall erosion force, that is, 
K = A/R in Eq. (1). (The values of LS, C, and P for standard runoff plots are 1.) 
(2) Nomograph method: The Nomograph method is proposed on the basis of analysis of 
         Wen-hai ZHANG et al. Water Science and Engineering, Jun. 2009, Vol. 2, No. 2, 87-97 93 

correlation between regional soil properties and the K value, because it is difficult to measure 
K directly. The K value can be obtained from a table according to soil granular composition, 
organic matter content, soil structure and permeability. The sequence in which properties 
should be looked up in a table is as follows: mud plus fine sand ĺ sand ĺ soil organic matter 
ĺ soil structure ĺ soil permeability ĺ K value. Ma (1989) calculated the K value for various 
types of soil using the Nomograph method. Zhang et al. (1992) used the Nomograph method 
to find the K value for soil in the northeastern black soil region. 
 (3) Empirical equation method: The K value can also be calculated with the following 
formula: 
     1.144 1 22.1 10 12 3.25 2 2.5 3
100
OM N N J G
K
u              (6) 
where OM is the percentile content of organic matter (%),  is the percentile content of 
powder granules plus fine sand (0.002-0.100mm),  is  plus the percentile content of 
sand (0.002-2.000 mm), J is the soil structure, and G is the soil permeability. 
1N
2N 1N
The results for the test plots, calculated with these three methods, are shown in Table 4. 
Liu et al. (1992) calculated K values for the major erosive soil in southern China using Eq. (6).  
Table 4 K values calculated with three methods 
K (t·m2·h/(hm2·J·mm))
Soil type OM (%) N1 (%) N2 (%) J G Actual 
measurement 
method 
Nomograph 
method 
Empirical 
equation 
method 
Gravelly sand loam 0.52 45.32 85.69 4* 3* 0.32 0.37 0.36 
Gravelly light loam 0.49 43.91 83.49 4* 3* 0.31 0.39 0.34 
Note: * refers to the level of soil structure or soil permeability. 
It can be seen from Table 4 that all three methods provide similar results. The relative 
errors are about 13%-25% between the actual measurement method, the Nomograph method, 
and the empirical equation method. The results obtained by the Nomograph method and 
empirical equation method can be used with 13%-25% reductions when there is no actual 
measured soil data. 
3.3 Determination of LS
The factor LS is also called the terrain factor. It is determined by the slope length (m) and 
the slope gradient (°). In practical application, the two factors can be combined for the 
quantificational calculation. LS is the ratio of the soil erosion amount of a given sloping plot to 
that of a standard runoff plot, other conditions being constant. Based on statistical analysis of 
the length and gradient of the slope (  and , respectively) and the soil erosion amount in 
the test plots, the calculation equation of the LS factor for this region is 
0L 0S
0.3 1.3
0 0
22 5.16
L SLS § · § · ¨ ¸ ¨ ¸© ¹ © ¹                           (7) 
LS = 1.72 in the test plots. It is close to this value (1.76) on a relation curve. This means 
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that Eq. (7) is suitable in this region.  
3.4 Determination of C
The factor C, also known as the biology factor, is used to quantify the vegetation 
coverage. It reflects the comprehensive effect of plant coverage and crop planting on soil 
erosion. Values of C vary with the types of crop and cultivation strategy.  
3.4.1 Calculation of C for crop fields 
The factor C is the ratio of soil erosion of the cropland to that of the fallow land under 
specific conditions. The equation for calculating C is 
n
f
AC
A
cc                                 (8) 
Where Ac  is the amount of soil erosion of the cropland (t/(hm2·a)), fA is the amount of soil 
erosion of the fallow land (t/(hm2·a)), and nC c is the C value for various periods in the 
growth of the crop: 
1 1 2 2 3 3 4 4C C R C R C R C Rc c c c                     (9) 
where , ,1C c 2C c 3C c and 4C c  are the C values of each period, and R1, R2, R3 and R4 are 
respectively the percentage of R values of each period over the annual R value. In this test, 
the C value for the sweet potato crop is Csp = 0.227 and the C value for the peanut crop is 
Cpn = 0.153, respectively.  
3.4.2 Calculation of C for forest and herbage fields 
The C values for forest and herbage fields can be borrowed directly from previous studies 
and can be determined according to coverage density in general. They can be looked up in a 
table according to the types of the plants and the coverage densities in practical application. 
The C value was 0.04 for arbor plots and 0.043 for herbage plots in this test.  
3.5 Determination of P
The factor P is the ratio of the soil erosion amount of a plot with some form of 
implemented measures for soil and water loss conservation to that of a plot without any 
protection measure. The P values with various water and soil loss conservation measures in 
this test are P = 0.196 for the arbor plot, P = 0.139 for the economic forest plot, P = 0.08 for 
the herbage plot, and P = 0.055 for the terraced plot. 
4 Application of USLE model 
The total A values in the test plots were calculated with Eq. (1) and the factors R, K, LS, C, 
and P. The calculated and observed values and their comparisons are listed in Table 5. 
The herbage plot type shows the least amount of soil loss and the along-slope plot type 
shows the greatest. The strategy of planting herbage is the best method of soil and water 
conservation, and planting trees, cultivating economic forests and constructing terraces are 
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also appropriate ways. The modeling relative errors for the amount of soil erosion are in the 
range of 3.5% to 9.9%. This means that the USLE model is suitable in this region. 
Table 5 Calculated and observed A values  
A (t/(km2a))
Plot type 
Calculated value Observed value 
Relative error (%) 
Arbor 223.1 203.0 9.9 
Economic-forest 213.5 210.2 1.6 
Herbage  49.9  51.7 3.5 
Terraced 229.0 210.5 8.8 
Along slope 4 423.0 4 516.0 2.1 
5 Reliability verification of USLE model 
To further verify the applicability and reliability of the USLE model, the observed data 
were randomly checked in the terraced and sloping field located in the Jiagu Mountain outside 
of the test plots. (Its slope gradient is 5q, its slope length is 216 m, and its soil is gravelly light 
loam). In total, nine rainfall-runoff events in 1985 were investigated. The R value was 
calculated as R = 414.3 J·cm/(m2·h) using Eq. (4), and the observed soil erosion values are 
Ag = 241.89 t/(km2a) and Ag = 2 065.4 t/(km2a) in the terraced and sloping field, respectively. 
5.1 Terraced field  
The values for various factors are K = 0.31, LS = 1.904, Csp = 0.227, Cpn = 0.153, and 
P = 0.055. By substituting these values into Eq. (1), it can be found that the A value for the 
peanut crop is Apn = 205.8 t/(km2a); the A value for the sweet potato crop is Asp = 305.3 t/(km2a); 
the A value for the terraced field is A = (Asp + Apn)/2 = 255.54 t/(km2a); and the relative error 
is S = (A – Ag)/ Ag = 5.64%.  
5.2 Sloping field  
The values for various factors are K = 0.31, LS = 1.904, Csp = 0.227, Cpn = 0.153, and 
P = 0.5. By substituting these values into Eq. (1), it can be found that Apn = 1 868.8 t/(km2a), Asp = 
2 772.6 t/(km2a), the A value for the sloping field is A = (Asp + Apn)/2 = 2 320.7 t/(km2a), and S = 
(A – Ag)/ Ag = 12.36%.  
The modeling relative errors are 5.64% and 12.36% in the terraced and sloping fields, 
respectively. This shows that the USLE model is highly applicable and reliable in this region 
(The confidence level of the calculated results is above 87.64%). 
6 Conclusions 
In this study, The USLE model’s factor values were determined for the granite gneiss 
region in northern Jiangsu Province. The values of soil erosion were calculated using this set 
of factor values, and the confidence level of the calculated results is above 87.64%. Therefore, 
the USLE model and the factor values determined in this study can be applied in this region or 
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in others like it with high reliability. 
R is one of the key factors affecting the accuracy of the USLE model. It was a key point 
of focus in this paper. The R values are different in regions with different rainfall and 
geographic characteristics.  
In the USLE model, the factors R and K are influenced by natural characteristics that 
are hardly adjustable, while the factors LS, C and P are physically adjustable. Thus, projects 
such as transforming a sloping field into a terraced field, enhancing the vegetation coverage, 
or adjusting the planting strategy, as well as biological measures, can be adopted to decrease 
soil loss. 
The methods addressed in this paper have been successfully applied to comprehensive 
treatment and soil and water conservation planning in the small watersheds in Ganyu County, 
and have proven effective. 
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